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ABSTRACT: 

PROBLEM TO BE SOLVED: To perform clock reproduction without using an 
electric circuit, which requires a high-speed operation, by utilizing the merit 
of a DPSK-DD(differential phase shift keying-direct detection) system. 

SOLUTION: A light receiver is provided with a Mach-Zehnder interferometer 13 
for branching the phase modulated light into two, setting a delay bit length D 
for one of signal light to the range of 0<D<2, having both signal light 
interfered each other and converting them to intensity modulated light, a 
balance type light receiver 14 for receiving the two output of the Mach-Zehnder 
interferometer 13 and converting them to electric signals, a narrow-band filter 
16 for extracting clock frequency components from the electric signals and a 
limiter amplifier 17 for fixing the amplitude of clock signals outputted from 
the narrow- band filter 16. 
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ABSTRACT: 

PROBLEM TO BE SOLVED: To perform clock reproduction without using an 
electric circuit, which requires a high-speed operation, by utilizing the merit 
of a DPSK-DD(differential phase shift keying-direct detection) system. 

SOLUTION: A light receiver is provided with a Mach-Zehnder interferometer 13 
for branching the phase modulated light into two, setting a delay bit length D 
for one of signal light to the range of 0<D<2, having both signal light 
interfered each other and converting them to intensity modulated light, a 
balance type light receiver 14 for receiving the two output of the Mach-Zehnder 
interferometer 13 and converting them to electric signals, a narrow-band filter 
16 for extracting clock frequency components from the electric signals and a 
limiter amplifier 17 for fixing the amplitude of clock signals outputted from 
the narrow- band filter 16. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS (JP-2000-059300A) 

[Claim(s)] 

[Claim 1] An optical transmitter-receiver equipped with an optical transmitter which carries out 
the phase modulation of the light characterized by providing the following non-become irregular 
by signal of an NRZI code, and outputs phase modulation light, and an optical receiver which 
receives said phase modulation light, reproduces a clock signal, and performs a signal decision 
Said optical receiver is a Mach-Zehnder interferometer which dichotomize said phase 
modulation light, set up delay bit length D to one signal light in 0< D<2, and both signal light is 
made to interfere, and is changed into on-the-strength strange dimming. A balance mold electric 
eye which receives two outputs of said Mach-Zehnder interferometer, and is changed into an 
electrical signal A narrow band filter which extracts a clock frequency component from said 
electrical signal Limiter amplifier which makes regularity amplitude of a clock signal outputted 
from said narrow band filter 

[Claim 2] It is the optical transmitter-receiver characterized by a Mach-Zehnder interferometer 
setting up delay bit length D to one signal light in 1 / 2<=D<=1 in an optical transmitter-receiver 
according to claim 1 . 



[Translation done.] 



2 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 

[Description of the Prior Art] When an input signal is "1", the sign which reversed the last sign, 
and the signal of an NRZI code which turns into the last sign and an equal sign in the case of "0" 
are generated, and by the signal of this NRZI code, the phase modulation of the light non- 
become irregular is carried out, it transmits, and a DPSK-DD method is a method which detects 
this phase modulation light directly by the balance mold electric eye in a receiving side. Since a 
DPSK-DD method has good light-receiving sensitivity compared with an intensity modulation- 
direct detection (IM-DD) method, utilization is expected as an optical communication type 
suitable for long-distance optical transmission. 

[0003] Moreover, a DPSK-DD method is a differential receiving method which used the balance 
mold electric eye, and since it is not concerned with input signal light reinforcement but the 
threshold which identifies a signal can always be maintained in the center of signal amplitude, 
there is the feature strong against the level variation of signal light. Therefore, in recent years, 
utilization is expected as an optical transceiver method which applies an optical packet signal to 
the system exchanged in the field of light like an optical ATM switch. 
[0004] On the other hand, in optical transmission systems, such as long-distance optical 
transmission and an optical ATM switch, the clock playback from signal light has been an 
important technical problem, and many communication modes suitable for clock playback and 
coding methods are proposed. 

[0005] Here, the clock playback technology at the time of using an NRZ code by the IM-DD 
method is explained as most general example. Drawing 5 and 6 show the example of a 
configuration of the conventional optical transmitter-receiver. 

[0006] An optical transmitter is constituted by a laser light source 50 and the modulator 51 on 
the strength in drawing 5 . The optical receiver which counters an optical transmitter is 
constituted by a photodiode 52, a linear amplifier 53, the 1/2-bit delay machine 54, the exclusive- 
OR (EXOR) circuit 55, a narrow band filter 56, the limiter amplifier 57, and the discrimination 
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decision circuit 58. 

[0007] Intensity modulation of the light outputted from the laser light source 50 is carried out by 
the input signal of an NRZ code with the modulator 51 on the strength. Light is received by the 
photodiode 52 of the optical receiver which counters, and this signal light is changed into an 
electrical signal. This electrical signal is amplified with a linear amplifier 53, it dichotomizes 
further, one side is inputted into a discrimination decision circuit 58, and another side is used for 
clock playback. The electrical signal which branched to clock playback dichotomizes further, 
one side is inputted into the EXOR circuit 55, and another side is inputted into the EXOR circuit 
55 in response to 1/2 -bit delay with the 1/2 -bit delay vessel 54. Consequently, a signal with the 
same band as a clock is outputted, and a clock frequency component is extracted from the EXOR 
circuit 55 by the narrow band filter 56. Reinforcement becomes fixed with the limiter amplifier 
57, and the extracted clock signal is given to a discrimination decision circuit 58. 
[0008] An optical transmitter is constituted by a laser light source 60 and the modulator 61 on 
the strength in drawing 6 . The optical receiver which counters an optical transmitter is 
constituted by a photodiode 62, a linear amplifier 63, the multiplying circuit 64, a narrow band 
filter 65, the limiter amplifier 66, and the discrimination decision circuit 67. 
[0009] Intensity modulation of the light outputted from the laser light source 60 is carried out by 
the input signal of an NRZ code with the modulator 61 on the strength. Light is received by the 
photodiode 62 of the optical receiver which counters, and this signal light is changed into an 
electrical signal. This electrical signal is amplified with a linear amplifier 63, it dichotomizes 
further, one side is inputted into a discrimination decision circuit 67, and another side is used for 
clock playback. The multiplying circuit 64 inputs the electrical signal which branched to clock 
playback, and outputs the signal which has the same band as a clock by differential and full wave 
rectification, and a clock frequency component is extracted by the narrow band filter 65. 
Reinforcement becomes fixed with the limiter amplifier 66, and the extracted clock signal is 
given to a discrimination decision circuit 67. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] For example, 10 Gbit/s The clock frequency which is 
needed in a communication link in case discernment playback is performed within an optical 
receiver is 10GHz. However, 10 Gbit/s Since the NRZ code train is distributed over the range 
whose frequency band is about 0-5GHz, it does not contain a clock frequency component. 
Therefore, in order to extract the clock which synchronized with the signal, the electrical circuit 
which makes a clock frequency component is needed from the received NRZ code train. 
[001 1] Conventionally which is shown in drawing 5 , in order to make a clock frequency 
component with a configuration, the EXOR circuit 55 is used, and with the configuration, the 
multiplying circuit 64 is used conventionally which is shown in drawing 6 . Since it must drive 
by one twice the speed of a signal speed, these electrical circuits are dozens Gbit/s. Creation of a 
circuit becomes difficult in case it applies to the high-speed optical communication of a class. 
[0012] This invention aims at offering the optical transmitter-receiver which can perform clock 
playback, without using the electrical circuit where high-speed operation is demanded taking 
advantage of the advantage of a DPSK-DD method. 
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MEANS 

[Means for Solving the Problem] In an optical transmitter-receiver equipped with an optical 
transmitter which this invention carries out the phase modulation of the light non-become 
irregular by signal of an NRZI code, and outputs phase modulation light, and an optical receiver 
which receives phase modulation light, reproduces a clock signal, and performs a signal decision 
A Mach-Zehnder interferometer which an optical receiver dichotomizes phase modulation light, 
set up delay bit length D to one signal light in 0< D<2, and both signal light is made to interfere, 
and is changed into on-the-strength strange dimming, A balance mold electric eye which receives 
two outputs of a Mach-Zehnder interferometer and is changed into an electrical signal, a narrow 
band filter which extracts a clock frequency component from an electrical signal, and limiter 
amplifier which makes regularity amplitude of a clock signal outputted from a narrow band filter 
are had and constituted. 

[0014] Moreover, as for a Mach-Zehnder interferometer, it is desirable to set up delay bit length 

D to one signal light in 1 / 2<=D<=1. 

[0015] 

[Embodiment of the Invention] Drawing 1 shows the operation gestalt of the optical transmitter- 
receiver of this invention. Drawing 2 shows the sign train in each point of drawing 1 . 
[0016] An optical transmitter is constituted by a laser light source 10, a phase modulator 11, and 
the NRZ-I encoder 12 in drawing. The optical receiver which counters an optical transmitter is 
constituted by the Mach TSUENDA (MZ) interferometer 13, the balance mold electric eye 14, a 
linear amplifier 15, a narrow band filter 16, the limiter amplifier 17, and the discrimination 
decision circuit 18. 

[0017] The NRZ-I encoder 12 inputs the input signal ( drawing 2 (a)) of an NRZ code, and, in 
the case of a signal "1", in the case of the sign and signal "0" which reversed the last sign, 
changes and outputs it to the signal ( drawing 2 (b)) of an NRZI code used as the last sign and an 
equal sign. A phase modulator 1 1 carries out the phase modulation of the light outputted from 
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the laser light source 10 non-become irregular with the signal of an NRZI code, and outputs the 
binary phase modulation signal ( drawing 2 (c)) of 0 and pi. This phase modulation signal is 
inputted into the MZ interferometer 13 of the optical receiver which counters. 
[0018] The MZ interferometer 13 is a configuration in which multiplex and the signal light 
which dichotomized input signal light to two arm waveguide with one 3dB coupler, and delay bit 
length D was delayed in 0< D<2 to signal light of one of these, and dichotomized with the 3dB 
coupler of another side is made to interfere, and changes phase modulation light into on-the- 
strength strange dimming according to the phase contrast, drawing 2 — delay bit length D — 0.8 it 
is — a case — it is — (d) the phase contrast of two waves in which it interfered — being shown ~ 
(e) and (f) On-the-strength strange dimming outputted from two ports of the MZ interferometer 
13 after interference is shown. 

[0019] Light is received by the balance mold electric eye 14, and on-the-strength strange 
dimming outputted from two ports of the MZ interferometer 13 is changed into an electrical 
signal. This electrical signal is amplified with a linear amplifier 15, it dichotomizes further, one 
side is inputted into a discrimination decision circuit 18, and another side is used for clock 
playback. A narrow band filter 16 inputs the electrical signal which branched to clock playback, 
and extracts a clock frequency component. Reinforcement is uniformly controlled by the limiter 
amplifier 17, and the extracted clock is given to a discrimination decision circuit 18. Drawing 2 
(g) The reproduced clock is shown. 

[0020] In addition, delay bit length D in the MZ interferometer 13 has a desirable setup of the 
range of 1 / 2<=D<=1. Hereafter, the reason is explained to details. Such reception with an exact 
signal can be performed in the case of data reception that the pulse width of a detection signal is 
wide, including a clock frequency component. Here, the relation between delay bit length D, a 
clock frequency component, and pulse width is typically shown in drawing 3 . 
[0021] The pulse width of a signal has the greatest breadth at the time of D= 1, and pulse width 
becomes narrow, even if larger [ than D= 1 ] and small. If the bit currently observed is now made 
into the n-th bit, in D= 1, adjoining bits, i.e., the n-th bit, and the n+lst bits can interfere 
completely, and can detect the signal of an NRZI code efficiently. Moreover, if D becomes 
smaller than 1, interference of not only n+lst between the adjoining n-th and a bit but the n-th 
bits will occur. Consequently, pulse width becomes narrow and the signal wave form approaches 
the RZ code. On the limit of D= 0, pulse width is set to 0 and becomes continuation of a space. 
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On the other hand, if D becomes larger than 1, in addition to interference between the adjoining 
n-th and the n+lst bits, interference between the n-th and the n+2nd bits will occur. Since this 
portion only narrows pulse width regardless of the data reproduced by the receiver, although the 
field of 1< D<2 is ability ready for receiving theoretically, it is not practical. On the limit of D= 
2, interference between the adjoining n-th and the n+lst bits is lost completely, turns into only 
interference between the n-th and the n+2nd bits, and becomes non-receipt. 
[0022] In the above explanation, it can be said about detection of the signal of an NRZI code that 
it is optimal that it is D= 1. However, a clock is required for discernment of a detection signal, 
and it is necessary to carry out extract playback of the clock from a detection signal. For that 
purpose, the detection signal needs to contain the clock frequency component. Although the 
clock frequency component was conventionally extracted in the electric field using the EXOR 
circuit or the multiplying circuit by the configuration, in the configuration of this operation 
gestalt, by adjusting delay bit length D in the MZ interferometer 13, the signal containing many 
clock frequency components is generated, and clock playback is enabled with an easy 
configuration. 

[0023] As shown in drawing 3 , near D=l/2 contains most clock frequency components, and the 
output signal wave of the MZ interferometer 13 turns into a wave almost equivalent to RZ signal. 
A clock frequency component becomes small as D goes to 0 from 1/2, and as 1 is approached, 
and the engine performance of a receiver falls. In addition, the predetermined clock frequency 
component is included also in the field of 1< D<2. 

[0024] Thus, since the output signal from the MZ interferometer 13 contains [ delay bit length D 
] many clock frequency components in the 1/2 neighborhood, the regeneration efficiency of a 
clock is the best. Moreover, it lifting-comes to be hard of a bit error, in case the width of face of 
a bit is breadth and discernment as delay bit length D approaches 1 from 1/2. On the other hand, 
a clock frequency component decreases and it deteriorates compared with the time of the 
regeneration efficiency of a clock being the delay bit length 1/2. Therefore, it can be said that 
delay bit length D in the MZ interferometer 13 has a desirable setup of the range of 1 / 
2<=D<=1. 

[0025] In addition, it is good also as a configuration to which a heater is vapor-deposited to one 
arm waveguide of the MZ interferometer 13, adjustable [ of the optical length ] is carried out 
using a thermooptic effect, and it carries out adjustable [ of the delay bit length D ]. 
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[0026] Drawing 4 shows the example configuration which applied the optical transmitter- 
receiver of this invention to coherent light communication system. An optical transmitter is 
constituted by a laser light source 40, a phase modulator 41, and the NRZ-I encoder 42 in 
drawing. The optical receiver which counters an optical transmitter through an optical 
transmission line and an optical switching network is constituted by SAW filter 47 and the 
limiter amplifier 48 as the MZ interferometer 43 with which delay bit length was set as one half, 
the balance mold electric eye 44, a linear amplifier 45, a low pass filter (LPF) 46, and a narrow 
band filter, and is constituted by the D-flip-flop (D-FF) 49 as a discrimination decision circuit. 
[0027] A phase modulator 41 is LiNb03. It consists of optical waveguide formed, and drives 
with the signal of the NRZI code outputted from the NRZ-I encoder 42, and the phase 
modulation of the laser beam outputted from a laser light source 40 is carried out to an NRZI 
code. This phase modulation light is inputted into the MZ interferometer 43 through an optical 
transmission line and an optical switching network. 

[0028] The MZ interferometer 43 dichotomizes input signal light, and is delayed 1/2 bit in signal 
light of one of these, and both signal light is made to interfere in it, and it generates on-the- 
strength strange dimming. In addition, on-the-strength strange dimming at this time serves as an 
RZ code, is outputted to two ports of the MZ interferometer 43 in a mark and a space, 
respectively, and is changed into an electrical signal by the balance mold electric eye 44. This 
electrical signal is amplified with a linear amplifier 45, and dichotomizes further, a high 
frequency component is cut for one side through LPF46, and pulse width can extend it, and it is 
inputted into D-FF49. It is inputted into SAW filter 47, a clock frequency component is 
extracted, reinforcement is uniformly controlled by the limiter amplifier 48, and the electrical 
signal of another side is given to the clock terminal of D-FF49. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

["Drawing 1] The block diagram showing the operation gestalt of the optical transmitter-receiver 
of this invention. 

["Drawing 2] Drawing showing the signal wave form of each point of drawing 1 . 
[Drawing 3] Drawing showing typically the relation between delay bit length D, a clock 
frequency component, and pulse width. 

[Drawing 4] The block diagram showing the example configuration which applied the optical 
transmitter-receiver of this invention to coherent light communication system. 
[Drawing 5] The block diagram showing the example of a configuration of the conventional 
optical transmitter-receiver. 

[Drawing 6] The block diagram showing the example of a configuration of the conventional 
optical transmitter-receiver. 
[Description of Notations] 

1 0 40 Laser light source 

11 41 Phase modulator 

12 42 NRZ-I encoder 

13 43 Mach TSUENDA (MZ) interferometer 

14 44 Balance mold electric eye 

15 45 Linear amplifier 

16 Narrow Band Filter 

17 48 Limiter amplifier 

18 Discrimination Decision Circuit 

46 Low Pass Filter (LPF) 

47 SAW Filter 

49 D-Flip-flop (D-FF) 
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50 60 Laser light source 

51 61 Modulator on the strength 

52 62 Photodiode 

53 63 Linear amplifier 

54 1/2-Bit Delay Machine 

55 Exclusive-OR (EXOR) Circuit 

56 65 Narrow band filter 

57 66 Limiter amplifier 

58 67 Discrimination decision circuit 
64 Multiplying Circuit 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the optical transmitter- 
receiver which performs clock playback using a differential-phase-shift-modulation-direct 
detection (DPSK-DD) method in the optical transmitter-receiver used for coherent optical 
communication. 
[0002] 

[Description of the Prior Art] When an input signal is "1", the sign which reversed the last sign, 
and the signal of an NRZI code which turns into the last sign and an equal sign in the case of "0" 
are generated, and by the signal of this NRZI code, the phase modulation of the light non- 
become irregular is carried out, it transmits, and a DPSK-DD method is a method which detects 
this phase modulation light directly by the balance mold electric eye in a receiving side. Since a 
DPSK-DD method has good light-receiving sensitivity compared with an intensity modulation- 
direct detection (IM-DD) method, utilization is expected as an optical communication type 
suitable for long-distance optical transmission. 
[0003] 

Moreover, a DPSK-DD method is a differential receiving method which used the balance mold 
electric eye, and since it is not concerned with input signal light reinforcement but the threshold 
which identifies a signal can always be maintained in the center of signal amplitude, there is the 
feature strong against the level variation of signal light. Therefore, in recent years, utilization is 
expected as an optical transceiver method which applies an optical packet signal to the system 
exchanged in the field of light like an optical ATM switch. 
[0004] 

On the other hand, in optical transmission systems, such as long-distance optical transmission 
and an optical ATM switch, the clock playback from signal light has been an important technical 
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problem, and many communication modes suitable for clock playback and coding methods are 

proposed. 

[0005] 

Here, the clock playback technology at the time of using an NRZ code by the IM-DD method is 
explained as most general example. Drawing 5 and 6 show the example of a configuration of the 
conventional optical transmitter-receiver. 
[0006] 

An optical transmitter is constituted by a laser light source 50 and the modulator 51 on the 
strength in drawing 5 . The optical receiver which counters an optical transmitter is constituted 
by a photodiode 52, a linear amplifier 53, the 1/2-bit delay machine 54, the exclusive-OR 
(EXOR) circuit 55, a narrow band filter 56, the limiter amplifier 57, and the discrimination 
decision circuit 58. 
[0007] 

Intensity modulation of the light outputted from the laser light source 50 is carried out by the 
input signal of an NRZ code with the modulator 51 on the strength. Light is received by the 
photodiode 52 of the optical receiver which counters, and this signal light is changed into an 
electrical signal. This electrical signal is amplified with a linear amplifier 53, it dichotomizes 
further, one side is inputted into a discrimination decision circuit 58, and another side is used for 
clock playback. The electrical signal which branched to clock playback dichotomizes further, 
one side is inputted into the EXOR circuit 55, and another side is inputted into the EXOR circuit 
55 in response to 1/2-bit delay with the 1/2 -bit delay vessel 54. Consequently, a signal with the 
same band as a clock is outputted, and a clock frequency component is extracted from the EXOR 
circuit 55 by the narrow band filter 56. Reinforcement becomes fixed with the limiter amplifier 
57, and the extracted clock signal is given to a discrimination decision circuit 58. 
[0008] 

An optical transmitter is constituted by a laser light source 60 and the modulator 61 on the 
strength in drawing 6 . The optical receiver which counters an optical transmitter is constituted 
by a photodiode 62, a linear amplifier 63, the multiplying circuit 64, a narrow band filter 65, the 
limiter amplifier 66, and the discrimination decision circuit 67. 
[0009] 
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Intensity modulation of the light outputted from the laser light source 60 is carried out by the 
input signal of an NRZ code with the modulator 61 on the strength. Light is received by the 
photodiode 62 of the optical receiver which counters, and this signal light is changed into an 
electrical signal. This electrical signal is amplified with a linear amplifier 63, it dichotomizes 
further, one side is inputted into a discrimination decision circuit 67, and another side is used for 
clock playback. The multiplying circuit 64 inputs the electrical signal which branched to clock 
playback, and outputs the signal which has the same band as a clock by differential and full wave 
rectification, and a clock frequency component is extracted by the narrow band filter 65. 
Reinforcement becomes fixed with the limiter amplifier 66, and the extracted clock signal is 
given to a discrimination decision circuit 67. 
[0010] 

[Problem(s) to be Solved by the Invention] For example, 10 Gbit/s The clock frequency which is 
needed in a communication link in case discernment playback is performed within an optical 
receiver is 10GHz. However, 10 Gbit/s Since the NRZ code train is distributed over the range 
whose frequency band is about 0-5GHz, it does not contain a clock frequency component. 
Therefore, in order to extract the clock which synchronized with the signal, the electrical circuit 
which makes a clock frequency component is needed from the received NRZ code train. 
[001 1] Conventionally which is shown in drawing 5 , in order to make a clock frequency 
component with a configuration, the EXOR circuit 55 is used, and with the configuration, the 
multiplying circuit 64 is used conventionally which is shown in drawing 6 . Since it must drive 
by one twice the speed of a signal speed, these electrical circuits are dozens Gbit/s. Creation of a 
circuit becomes difficult in case it applies to the high-speed optical communication of a class. 
[0012] This invention aims at offering the optical transmitter-receiver which can perform clock 
playback, without using the electrical circuit where high-speed operation is demanded taking 
advantage of the advantage of a DPSK-DD method. 
[0013] 

[Means for Solving the Problem] In an optical transmitter-receiver equipped with an optical 
transmitter which this invention carries out the phase modulation of the light non-become 
irregular by signal of an NRZI code, and outputs phase modulation light, and an optical receiver 
which receives phase modulation light, reproduces a clock signal, and performs a signal decision 
A Mach-Zehnder interferometer which an optical receiver dichotomizes phase modulation light, 
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set up delay bit length D to one signal light in 0< D<2, and both signal light is made to interfere, 
and is changed into on-the-strength strange dimming, A balance mold electric eye which receives 
two outputs of a Mach-Zehnder interferometer and is changed into an electrical signal, a narrow 
band filter which extracts a clock frequency component from an electrical signal, and limiter 
amplifier which makes regularity amplitude of a clock signal outputted from a narrow band filter 
are had and constituted. 
[0014] 

Moreover, as for a Mach-Zehnder interferometer, it is desirable to set up delay bit length D to 

one signal light in 1 / 2<=D<=1. 

[0015] 

[Embodiment of the Invention] Drawing 1 shows the operation gestalt of the optical transmitter- 
receiver of this invention. Drawing 2 shows the sign train in each point of drawing 1 . 
[0016] 

An optical transmitter is constituted by a laser light source 10, a phase modulator 11, and the 
NRZ-I encoder 12 in drawing. The optical receiver which counters an optical transmitter is 
constituted by the Mach TSUENDA (MZ) interferometer 13, the balance mold electric eye 14, a 
linear amplifier 15, a narrow band filter 16, the limiter amplifier 17, and the discrimination 
decision circuit 18. 
[0017] 

The NRZ-I encoder 12 inputs the input signal ( drawing 2 (a)) of an NRZ code, and, in the case 
of a signal "1", in the case of the sign and signal "0" which reversed the last sign, changes and 
outputs it to the signal ( drawing 2 (b)) of an NRZI code used as the last sign and an equal sign. 
A phase modulator 1 1 carries out the phase modulation of the light outputted from the laser light 
source 10 non-become irregular with the signal of an NRZI code, and outputs the binary phase 
modulation signal ( drawing 2 (c)) of 0 and pi. This phase modulation signal is inputted into the 
MZ interferometer 13 of the optical receiver which counters. 
[0018] 

The MZ interferometer 1 3 is a configuration in which multiplex and the signal light which 
dichotomized input signal light to two arm waveguide with one 3dB coupler, and delay bit length 
D was delayed in 0< D<2 to signal light of one of these, and dichotomized with the 3dB coupler 
of another side is made to interfere, and changes phase modulation light into on-the-strength 
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strange dimming according to the phase contrast, drawing 2 — delay bit length D — 0.8 it is - a 
case — it is - (d) the phase contrast of two waves in which it interfered - being shown — (e) and 
(f) On-the-strength strange dimming outputted from two ports of the MZ interferometer 13 after 
interference is shown. 
[0019] 

Light is received by the balance mold electric eye 14 s and on-the-strength strange dimming 
outputted from two ports of the MZ interferometer 13 is changed into an electrical signal. This 
electrical signal is amplified with a linear amplifier 15, it dichotomizes further, one side is 
inputted into a discrimination decision circuit 18, and another side is used for clock playback. A 
narrow band filter 16 inputs the electrical signal which branched to clock playback, and extracts 
a clock frequency component. Reinforcement is uniformly controlled by the limiter amplifier 17, 
and the extracted clock is given to a discrimination decision circuit 18. Drawing 2 (g) The 
reproduced clock is shown. 
[0020] 

In addition, delay bit length D in the MZ interferometer 13 has a desirable setup of the range of 1 
/ 2<=D<=1. Hereafter, the reason is explained to details. Such reception with an exact signal can 
be performed in the case of data reception that the pulse width of a detection signal is wide, 
including a clock frequency component. Here, the relation between delay bit length D, a clock 
frequency component, and pulse width is typically shown in drawing 3 . 
[0021] 

The pulse width of a signal has the greatest breadth at the time of D= 1, and pulse width becomes 
narrow, even if larger [ than D= 1 ] and small. If the bit currently observed is now made into the 
n-th bit, in D= 1, adjoining bits, i.e., the n-th bit, and the n+lst bits can interfere completely, and 
can detect the signal of an NRZI code efficiently. Moreover, if D becomes smaller than 1, 
interference of not only n+lst between the adjoining n-th and a bit but the n-th bits will occur. 
Consequently, pulse width becomes narrow and the signal wave form approaches the RZ code. 
On the limit of D= 0, pulse width is set to 0 and becomes continuation of a space. On the other 
hand, if D becomes larger than 1, in addition to interference between the adjoining n-th and the 
n+lst bits, interference between the n-th and the n+2nd bits will occur. Since this portion only 
narrows pulse width regardless of the data reproduced by the receiver, although the field of 1< 
D<2 is ability ready for receiving theoretically, it is not practical. On the limit of D= 2, 
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interference between the adjoining n-th and the n+lst bits is lost completely, turns into only 

interference between the n-th and the n+2nd bits, and becomes non-receipt. 

[0022] 

In the above explanation, it can be said about detection of the signal of an NRZI code that it is 
optimal that it is D= 1. However, a clock is required for discernment of a detection signal, and it 
is necessary to carry out extract playback of the clock from a detection signal. For that purpose, 
the detection signal needs to contain the clock frequency component. Although the clock 
frequency component was conventionally extracted in the electric field using the EXOR circuit 
or the multiplying circuit by the configuration, in the configuration of this operation gestalt, by 
adjusting delay bit length D in the MZ interferometer 13, the signal containing many clock 
frequency components is generated, and clock playback is enabled with an easy configuration. 
[0023] 

As shown in drawing 3 , near D=l/2 contains most clock frequency components, and the output 
signal wave of the MZ interferometer 13 turns into a wave almost equivalent to RZ signal. A 
clock frequency component becomes small as D goes to 0 from 1/2, and as 1 is approached, and 
the engine performance of a receiver falls. In addition, the predetermined clock frequency 
component is included also in the field of 1< D<2. 
[0024] 

Thus, since the output signal from the MZ interferometer 13 contains [ delay bit length D ] many 
clock frequency components in the 1/2 neighborhood, the regeneration efficiency of a clock is 
the best. Moreover, it lifting-comes to be hard of a bit error, in case the width of face of a bit is 
breadth and discernment as delay bit length D approaches 1 from 1/2. On the other hand, a clock 
frequency component decreases and it deteriorates compared with the time of the regeneration 
efficiency of a clock being the delay bit length 1/2. Therefore, it can be said that delay bit length 
D in the MZ interferometer 13 has a desirable setup of the range of 1 / 2<=D<=1 . 
[0025] 

In addition, it is good also as a configuration to which a heater is vapor-deposited to one arm 
waveguide of the MZ interferometer 13, adjustable [ of the optical length ] is carried out using a 
thermooptic effect, and it carries out adjustable [ of the delay bit length D ]. 
[0026] 
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Drawing 4 shows the example configuration which applied the optical transmitter-receiver of this 
invention to coherent light communication system. An optical transmitter is constituted by a laser 
light source 40, a phase modulator 41, and the NRZ-I encoder 42 in drawing. The optical 
receiver which counters an optical transmitter through an optical transmission line and an optical 
switching network is constituted by SAW filter 47 and the limiter amplifier 48 as the MZ 
interferometer 43 with which delay bit length was set as one half, the balance mold electric eye 
44, a linear amplifier 45, a low pass filter (LPF) 46, and a narrow band filter, and is constituted 
by the D-flip-flop (D-FF) 49 as a discrimination decision circuit. 
[0027] 

A phase modulator 41 is LiNb03. It consists of optical waveguide formed, and drives with the 
signal of the NRZI code outputted from the NRZ-I encoder 42, and the phase modulation of the 
laser beam outputted from a laser light source 40 is carried out to an NRZI code. This phase 
modulation light is inputted into the MZ interferometer 43 through an optical transmission line 
and an optical switching network. 
[0028] 

The MZ interferometer 43 dichotomizes input signal light, and is delayed 1/2 bit in signal light 
of one of these, and both signal light is made to interfere in it, and it generates on-the-strength 
strange dimming. In addition, on-the-strength strange dimming at this time serves as an RZ code, 
is outputted to two ports of the MZ interferometer 43 in a mark and a space, respectively, and is 
changed into an electrical signal by the balance mold electric eye 44. This electrical signal is 
amplified with a linear amplifier 45, and dichotomizes further, a high frequency component is 
cut for one side through LPF46, and pulse width can extend it, and it is inputted into D-FF49. It 
is inputted into SAW filter 47, a clock frequency component is extracted, reinforcement is 
uniformly controlled by the limiter amplifier 48, and the electrical signal of another side is given 
to the clock terminal of D-FF49. 
[0029] 

[Effect of the Invention] As explained above, the optical transmitter-receiver of this invention 
can make a clock frequency component from a lightwave signal by adjusting delay bit length D 
of MZ interferometer. Although twice as many high-speed operation as a signal speed was 
needed since the clock frequency component was conventionally extracted in the electric field 
using the EXOR circuit or the multiplying circuit, in the optical transmitter-receiver of this 



18 



invention, the electrical circuit where high-speed operation is demanded becomes unnecessary. 
That is, they are dozens Gbit/s by the easy configuration. It is applicable to clock playback of the 
high-speed optical communication of a class. 



[Translation done.] 
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EFFECT OF THE INVENTION 

[Effect of the Invention] As explained above, the optical transmitter-receiver of this invention 
can make a clock frequency component from a lightwave signal by adjusting delay bit length D 
of MZ interferometer. Although twice as many high-speed operation as a signal speed was 
needed since the clock frequency component was conventionally extracted in the electric field 
using the EXOR circuit or the multiplying circuit, in the optical transmitter-receiver of this 
invention, the electrical circuit where high-speed operation is demanded becomes unnecessary. 
That is, they are dozens Gbit/s by the easy configuration. It is applicable to clock playback of the 
high-speed optical communication of a class. 
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